Objectives: Low socioeconomic status (SES) in childhood may be associated with sleep in adulthood. We evaluated the relationships between SES in childhood through adolescence and into adulthood and sleep in midlife men. Design: Prospective assessment of SES in childhood and adulthood. Setting: Population-based study of 139 Black and 105 White men enrolled since age 7 and evaluated for sleep characteristics at age 32. Measurements: Actigraphy and diary measures of sleep duration, continuity, and quality for 1 week. Their parents reported their SES (a combination of educational attainment and occupational status) annually when the boys were ages 7 to 16. We estimated SES intercept (age 7) and slope (age 7 to 16) using M-Plus and conducted linear regression analyses using those values to predict adult sleep measures, adjusting for covariates. Results: Men who had lower SES families at age 7, smaller increases in SES from ages 7 to 16, and lower SES in adulthood had more minutes awake after sleep onset. White men with greater increases in SES from ages 7 to 16 had shorter sleep. Conclusions: SES in childhood and improvement in SES through adolescence are related to sleep continuity in midlife men. To our knowledge, this is the first report using prospectively measured SES in childhood in relation to adult sleep.
in relation to other dimensions of sleep health, especially as assessed by objective measures. In a study of Black and White middle-aged adults enrolled in The Coronary Artery Risk Development in Young Adults (CARDIA) study, those with lower income had longer sleep latency and poorer sleep efficiency as assessed by actigraphy, with associations stronger for Blacks than Whites. 21 Among women enrolled in the Study of Women's Health Across the Nation sleep study, reports of financial strain were associated with longer sleep latency and more minutes awake after sleep onset (WASO) but not with sleep duration. 22 Similarly, a composite measure of SES based on education and income was related to greater polysomnography-assessed WASO but not to sleep duration in Black and White middle-aged adults. 23 Taken together, cross-sectional evidence suggests that low SES is related to perceived low sleep quality and may be related to objective indices of sleep continuity in adulthood, with possible differences due to ethnicity. The association between lower SES and worse adult sleep characteristics may emerge early in the life span. Children from lower-income families have shorter sleep duration and worse efficiency measured by actigraphy and more sleep problems than those raised in higher-income families. 24 Lower SES is associated with actigraphy-assessed shorter sleep duration during the school week and more variability in sleep onset among young adolescents. 25 Retrospective reports of lower parental education are related to more sleep time in stage 2 and less time in slow wave sleep but are unrelated to total sleep time or WASO in Black and White adults. 26 However, no longitudinal data are available about whether lower SES earlier in childhood precedes poor sleep in adulthood.
The primary objectives of the present report are to evaluate (a) whether family SES in childhood measured annually is related longitudinally to sleep duration and continuity measured by actigraphy, and perceived sleep quality measured by diary across 1 week in men; (b) whether the relationships differ between Blacks and Whites; and (c) whether the associations are independent of concurrent adult SES. Parents of the men in the present study reported annually their parental occupation and education when the men were ages 7 through 16. Thus, not only initial family SES but also change in family SES from ages 7 through 16 could be evaluated. Our primary hypotheses are that men who grew up in lower-SES families and experienced declines or smaller increases in family SES in childhood through adolescence would have worse sleep as adults. We did not anticipate any differences by race. A secondary objective is to evaluate whether the SES associations remain significant after adjusting for concurrent health behaviors, depressive symptoms, shift work, and other factors that may correlate with sleep health. The study contributes to the existing literature in a number of unique ways: its longitudinal design; repeated assessment of SES from childhood to adulthood; measurement of health behaviors reported daily and concurrent with the actigraphy measures; and inclusion of both Black and White men from a population-based urban sample.
Method

Participants
Participants were recruited from the youngest cohort of the Pittsburgh Youth Study (PYS 27 ), a longitudinal study of 503 boys initially recruited from Pittsburgh public schools in 1987-1988 when they were in the first grade. A total of 849 boys were randomly chosen to undergo a multi-informant (ie, parent, teacher, child report) screening that assessed early behavior problems, with half the sample from the top 30% of the screening measure scores and the rest randomly selected from the remainder, hereafter called early behavior problem group. The boys' mean age at screening was 6.9, and racial composition was predominately White (40.6%) and Black (55.7%). Nearly all primary caregivers were biological mothers (92%), with 45.3% cohabiting with a partner and 16.9% completing less than 12 years of schooling. More than half of the families (61.3%) were receiving public financial assistance (eg, food stamps). In adulthood (mean age = 32 years; range, 30-34 years), PYS participants were contacted to participate in a study examining early developmental factors associated with risk for cardiovascular disease (see Fig. 1 for diagram of men in sleep study analytic sample beginning with the 503 boys who were enrolled in PYS). Eligibility criteria were still enrolled in PYS, not mentally disabled, not incarcerated, and alive. Of the 395 eligible men, 312 (79%) participated in some or all of the protocol. Of the 312, those who were in the Pittsburgh vicinity or planning on returning to Pittsburgh for holidays were invited to participate in the sleep study provided that they were not being treated for apnea; 267 enrolled in the sleep study. Of the 267, data from 23 men were not included, usually because of lost or malfunctioning equipment (see Fig. 1 for specifics) . The analytic sample of 244 men did not differ from the 259 nonparticipants on race, early behavior problem group, SES, sleep, or number of health problems reported by parents at study entry, Ps N .22 (Supplement Table 1 ). This study was approved by the Institutional Review Board at the University of Pittsburgh, and all men provided written, informed consent.
Overview of the protocol
Upon arrival at the university, they signed consent institutional review board forms, fasting blood draw was taken, and anthropometrics were measured. After resting for 10 minutes, they performed a series of challenging tasks while cardiovascular measures were taken and answered questions regarding sociodemographic characteristics, health history, health behaviors, stress, and personal characteristics. At the conclusion of the laboratory portion, those who reported that they did not have apnea were invited to wear an actigraph and to complete daily diaries for a week. When they completed the study, they were paid for their time and were provided a personalized set of information regarding their sleep characteristics.
Sleep measures
The Mini-Mitter Actiwatch model AW-16 (Philips Respironics, Bend, OR) was used to collect sleep/wake activity continuously over 7 days and nights. Men were instructed to wear the watch on the nondominant arm and to press an event marker when they tried to go to sleep. Actiwatches were configured to collect data during 1-minute epochs. Stored data were downloaded into the Actiware software program (version 5.57) for processing and analysis. The medium threshold (default) was selected to detect sleep periods of at least 3 hours in duration based upon sleep onset and offset using the 10-minute criterion of quiescence, that is, less 40 activity counts. Sleep duration was calculated as actual sleep time from initial sleep onset to final sleep offset based on the actigraph records, excluding periods of wakefulness throughout the sleep interval. WASO was the total number of minutes between initial sleep onset and final sleep offset that were spent awake. Sleep quality was assessed in their diary after awakening on a 5-point scale from very poor sleep quality (0) to very good sleep quality (4) and averaged across study period; these data were available for 225 men. The distribution of WASO had a kurtosis of 1.398, so it was square root transformed, which improved the kurtosis to .165; sleep duration and quality were normally distributed. The 3 sleep measures-duration, WASO, and quality-were not correlated with one another in the full sample or within Blacks and Whites separately.
Socioeconomic status
There are a number of ways SES can be measured. 28 The PYS adopted the Hollingshead system that is based on occupational prestige and education of parents and/or caregivers. 29 This measure is used widely in research on SES and health, although other more detailed methods are available. At the time when the boys were interviewed between the ages of 7 and 16 years, the parents or primary caretakers (who lived with them if the boys were not living with their biological parents) were asked annually about the occupation and educational attainment of the parents or primary caretakers. These were coded by the same PYS study data manager over all years into 1 of the 9 Hollingshead occupational prestige categories (ranging from 1, eg, menial labor, to 9, eg, higher executive, major professional) and 7 educational categories (ranging from 1, ie, less than seventh grade, to 7, ie, graduate/professional training) and summed after weighting the occupation category relatively more, as is standard. New occupations that were not on the original list developed by Hollingshead were categorized by the data manager following group meetings to develop consensus on appropriate categories. For those currently unemployed, the job code from the prior annual visit was used. If the child was from a 2-parent family, the higher Hollingshead score was used. Scores could range from 3 to 66, with higher scores indicating higher SES; the range in our sample was 6 to 63. Changes in family SES from ages 7 to 16 years of age were primarily driven by changes in occupational prestige categories rather than education categories as occupational prestige changed within our sample to a greater degree (correlations of occupational prestige codes among the years ranged from .34 to .68 with an average correlation of .53) than did education categories (correlations among the years ranged from .65 to .88 with an average correlation of .75).
For the present study, we adopted the same method for assessing SES in adulthood to allow comparability over time between childhood and adult SES. The men were asked for their current occupation, full-time/part-time status, and highest years of education and degree. The occupation of men not currently working and receiving unemployment compensation was based on the occupation reported at the last study visit, approximately 3 years earlier (as was used in earlier assessments within PYS). If unemployed and not having a prior occupation recorded at the last assessment, and receiving public assistance, child support, or income from illegal activities, the participant was given the lowest occupation status. As in prior years of PYS, the Hollingshead scoring system was used to code occupation and education of the men. We also recorded the number of individuals living in the household and whether or not there were children under the age of 2 in the household.
Potential covariates
Depressive symptoms were measured by the Recent Moods and Feelings Questionnaire (short form 30 ) that was used throughout the PYS. This questionnaire containing 13 items that were rated on a 3 point scale: not true (0), sometimes true (1), and true (2). Sample items are "You felt miserable or unhappy" and "You felt like a bad person". The total score is correlated with the scores from the Children's Depression Inventory and the Diagnostic Interview Schedule for Children depression scale and discriminated clinically referred psychiatric patients from pediatric controls. 30 Confirmatory factor analysis shows a unidimensional factor structure across grades 1-10 in a large sample of boys; factor loadings increased with age, suggesting that the depression construct was measured with less error as the children matured. 31 When the participants were 7 years old, their caregivers completed the child behavior checklist (CBCL) indicating whether the behavior was "not true" of their son, "somewhat true," and "very true." 32 Included in the checklist were ratings for trouble sleeping, nightmares, sleeps less than most children, and sleeps more than most children during the day and/or night. In a study of children and adolescents, CBCL ratings by parents of less sleep and more trouble sleeping were correlated significantly but modestly with shorter sleep time by polysomnography and with diary ratings by children of sleep quality. 33 Principal component analysis of the 4 items revealed 2 factors: trouble sleeping and less sleep than others, eigenvalue = 1.35; and nightmares and sleep more than others, eigenvalue = 1.05. We averaged the pairs of ratings at age 7 and used them as potential covariates. The diary completed prior to bedtime asked if participants had during that day exercised, smoked cigarettes, used illegal drugs (including marijuana), and drank alcohol. All answers were yes/no. The proportion of days during the sleep study that they engaged in these behaviors was calculated. As part of a detailed medical interview, participants reported current medications. With consultation with a sleep medicine physician, medications were coded into yes/no medications that could affect sleep; note that only 2 men indicated that they were taking medications for sleep problems and the other "sleep" medications were largely psychotropic medications and sedatives. Men reported if they were a night shift worker (working between 11:00 PM and 6:00 AM) and day sleeper (defined as sleeping after 5:00 AM) and were categorized as yes/no. These reports were corroborated by reports in their daily sleep diaries; note that night shift workers did not work every night of the study period (actual nights worked ranged from 1 to 6, mean = 3.44). Night shift workers and day sleepers were retained in the sample to preserve the integrity of the school-based community sampling, with the exception of 2 night shift workers with extremely late wake-up times. Height, weight, and waist and hip circumference were measured in the laboratory by a trained staff member.
Statistical analysis
Sample and sleep characteristics were compared by race using t tests and χ ). MLE estimates within-individual change using all available data rather than resorting to listwise deletion. MLE provides unbiased parameter estimates under the assumption that missing observations are missing at random. Intercept (ie, SES, age 7) and slope (from 7 to 16) factor variances were freely estimated (vs fixed) to model individual variability in initial family SES and rates of change in SES over time. A linear model fit was good: comparative fit index = .941, root mean square error of approximation = .078, and standardized root mean square residual = .047. Missing family SES data at each annual visit ranged from 1.2% to 6.6%; tests for the impact of missingness using the Missing Value Analysis function in SPSS showed negligible effects.
Using SAS (version 9.4), linear regression analyses were conducted predicting the 3 sleep variables, with the initial model addressing whether the intercept and slope of SES over childhood and adolescence were related to the outcome, adjusted for race and early behavior problem group, followed by further adjustment of adult SES. Then models were evaluated adjusting for the key covariates, day sleeper, night shift worker, and other covariates associated with sleep characteristics, Ps b .10. The final step tested the interactions of race and family SES slope and intercept. Significant interactions were followed by analyses stratified by race. Sensitivity analyses excluding day sleepers were conducted and showed the same pattern of results as reported below.
Results
Sample characteristics
In general, participants were middle to lower SES, with Whites reporting higher SES in adulthood and their families reporting higher at age 7 and 16. There was an increase in family SES over time, with no differences in change in SES between age 7 and 16 between Black and White participants. Figure 2 illustrates the mean SES scores across the ages; note that these scores are not the same as the intercepts and slopes calculated by M-plus but are included to provide the reader a sense of the raw data. On average, the group was overweight (Table 1) . More Whites than Blacks were taking medications that affect sleep. During the study protocol, Blacks reported in their diary proportionately more days that they drank alcohol and used illegal drugs than Whites, but they reported a similar proportion of days that they smoked or exercised. Participants on the whole were short sleepers, with 3.3% getting more than 8 hours of sleep and 25% getting less than 5 hours of sleep. Blacks had less sleep during their major sleep interval and across 24 hours than Whites (Table 2) . Blacks also had higher WASO but reported similar sleep quality in their morning diaries.
Concurrent associations of adult measures and sleep characteristics
Shorter sleep duration was associated with not taking medications affecting sleep, a greater proportion of days drinking alcohol, and being a night shift worker during the sleep study (Table 3 ). There were trends for shorter sleepers to report more depressive symptom and being a day sleeper, Ps = .07. Greater WASO was associated with a greater proportion of days using illegal drugs, a smaller proportion of days exercising during the sleep study, and lower concurrent SES, with trends for associations with depressive symptoms and not being a night shift worker, Ps = .07. Lower sleep quality reported in the daily diary was associated with more depressive symptoms and being a day sleeper, with trends for being a night shift worker, P = .07, and taking medications that impact sleep, P = .09.
None of the adult sleep measures were associated with the child CBCL sleep scores.
Longitudinal associations of childhood and adult SES and sleep measures Sleep duration
Longer sleep duration was associated with being white and was not associated with any of the childhood or adult SES measures, Ps N .15. Test for interaction of childhood SES measures and race was significant for race by SES slope, b = .48 (.14), P b .001, but not for race by SES intercept, P = .42. Models stratified by race showed null effects for any SES measures in Blacks for sleep duration, Ps N .29. In Whites, shorter sleep duration was associated with increasing slopes, b = −.97 (.28), P = .001, independent of the childhood SES intercept and adult SES, and other covariates (Table 4) . We repeated the analyses testing for curvilinear associations between SES and sleep duration, but they were nonsignificant in the full sample, Ps N .38, or in whites separately, Ps N .83. We then examined whether the intercepts and slopes among whites were related to bedtime or wake time as recorded in their diaries. Results showed that neither intercepts nor slopes of SES were related to timing measures, Ps N .28. Because the associations for whites were unexpected, we examined a few potential explanations relevant to household composition, that is, number of individuals in the household, and whether there were any children under the age of 2, postulating that smaller families and those without young children would be more conducive to longer sleep and be associated with increasing family SES in childhood. However, these analyses did not change the results (data not shown). Note that correlations for perceived quality were based on data from 223 to 225 men, whereas the correlations for duration and wake after sleep onset were based on 242 to 245 men.
Table 4
Regression coefficients (SE) from multiple regression analyses of sleep duration (hours) for Whites (n = 105) 
Wake after sleep onset
Greater WASO was associated with lower SES intercept and decreasing (or less increasing) slope (Table 5 ). Addition of adult SES to the model did not change the results for childhood SES; adult SES was also related to WASO. Significant covariates were not being a night shift worker and the greater proportion of days that men used illegal drugs and smaller proportion of days that they exercised during the sleep study week. Interactions between childhood SES intercept, P = .80, and slope, P = .99, with race were nonsignificant. Collinearity diagnostics of tolerance, variance inflation factor, and condition did not reveal significant multicollinearity. To illustrate the associations between the SES indicators and WASO, we categorized men into quartiles of SES groups for each SES indicator separately and provide estimated mean WASO scores (adjusted for other covariates in the multivariate model 3) in Figure 3 .
Perceived sleep quality
Perceived sleep quality rated in the diary was unrelated to SES in childhood or adulthood. There were no significant interactions of childhood SES slope, P = .64, or intercept with race, P N .33 (data not shown). Only greater depressive symptoms were related to poor sleep quality in the full multivariate model, b = −.19 (.04), P b. 001.
Discussion
The primary finding of the present study was that a measure of sleep (dis)continuity, WASO, was greater among men who were from lower-SES families at study entry when they were about 7 years old, had less improvement in family SES from 7 until 16 years of age, and were currently lower in SES as adults. Multivariate analyses showed that impact of SES from childhood to adulthood on WASO was independent of race, depressive symptoms, medications affecting sleep, being a night shift worker or day sleeper, and concurrent measures of health behaviors. These findings are by and large consistent with the cross-sectional associations in adulthood of SES and measures of sleep continuity. New is the long-term impact of lower SES in childhood and adolescence on adult sleep continuity.
Unexpectedly, White men who increased in family SES from childhood through adolescence had shorter sleep as adults. Most cross-sectional studies do not find an association between lower SES and objective measures of shorter sleep duration in adulthood; the present study also did not find a concurrent association of adult SES and sleep duration. The effect in White men is not due to the covariates that differed by race, that is, sleep medication use and proportion of days taking illegal drugs or drinking alcohol. We explored several other possible structural factors, that is, family size and number of young children in the home, but these further analyses were not illuminating. We believe that SES may have had an inconsequential impact on Black men's sleep duration, in part because their sleep duration is quite short. However, we do not have a ready explanation for the impact of change in family SES across childhood through adolescence for White men.
A number of interesting associations were obtained between concurrently measured health behaviors and sleep characteristics. Reporting fewer days of any exercise and more days of drinking any alcohol and illegal drug use was associated with concurrent sleep measures across the week. Although these associations have been obtained in other samples, the unique aspects are the method of assessment via daily diary concurrent with the sleep measures and the sample of men initially recruited from an urban inner city school district. From a prevention perspective, better sleep would be encouraged with more regular exercise and less use of alcohol and illegal drugs on a daily basis.
The study was not designed to identify which aspects of low-SES families and environments were particularly likely to mediate the relationships with sleep continuity. Because the analyses adjusted for some of the proposed candidates, the analysis ruled out current shift work or sleeping primarily during the day, health behaviors, and depressive symptoms as primary determinants of sleep continuity in relation to SES. Other environmental features, such as noisy, excessively cold or hot sleep environment; crowded housing; and air pollution, may play a role but were not measured. Regularity of lifestyle in general may vary by SES, and more unpredictable schedules may impact sleep characteristics. Accumulation of stressors during childhood and adolescence that are correlated with low SES may have residual influences on adult sleep. These are important topics for future investigation.
Part of the interest in investigating disparities in sleep health associated with SES stems from a desire to understand why low SES leads to poor health. 3, 17, 35 Although substantial evidence indicates the importance of sleep duration in understanding health disparities, it may be a more important determinant in Blacks, who characteristically have shorter sleep. Our data and other evidence indicate that short sleep duration is less likely to be consistently associated with low SES and in consequence may not be the key sleep characteristic for understanding health disparities associated with SES. Our and other data suggest that sleep continuity may be the key healthy sleep characteristic, beyond sleep disorders, to consider in the context of mediating SES-health relationships. The study had several limitations. First, the findings cannot be generalized to women, older populations, or ethnic groups other than Blacks and Whites. Second, the study did not measure sleep disordered breathing and relied on participant report. Those who reported being treated or diagnosed with sleep disordered breathing were not included in the sleep study. The study design oversampled boys with early behavior problems; however, inclusion of group status did not impact the findings. Finally, although participants were comparable on specific characteristics to those not in the sleep analysis, there was the potential for bias due to attrition. Men who participated in the interview and questionnaire aspects of the protocol but not the clinic protocol tended to live more than 75 miles from Pittsburgh (data not shown). On the other hand, the study has several positive features: its longitudinal assessment of SES using the same measure throughout the study; weeklong assessment of sleep using actigraphy and diary; and a populationbased sample of Black and White men drawn from a large urban school district area.
In conclusion, the present study finds that SES is associated with sleep continuity in adult men, with independent associations of family SES at age 7, change in family SES from 7 through 16, and midlife adult SES. Unexpectedly, whites who increased in SES across childhood and adolescence had shorter sleep. To our knowledge, this is the first evidence of the association of childhood SES measured prospectively rather than retrospectively on sleep characteristics in midlife men.
Supplementary data to this article can be found online at https:// doi.org/10.1016/j.sleh.2017.09.008.
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